A 'geometric element' is defined, for any given symmetry operation, as a geometric item that allows the operation (after removing any intrinsic translation) to be located and oriented. In the case of an inversion, a (screw-) rotation or a (glide-) reflection, it is respec-
tively a point, line or plane. In the case of a rotoinversion, the geometric element consists of the axis of the rotation part and the center of the inversion part. As a general concept, the geometric element may be justified by a mathematical definition (as given in the Appendix). A "symmetry element" (of a given crystal structure or object) is defined as a concept with a double meaning, namely the combination of a geometric element with the set of symmetry operations having this geometric element in common ('element set') . There is no overlap between element sets of a given structure. Together with the identity and the translations, for which a geometric element is not defined, the element sets cover all symmetry operations.
Introduction
The Ad-hoc Committee was set up in 1980 to 'consider nomenclature problems concerning symmetry operations and symmetry elements in space groups'. With regard to symmetry operations, the only problem is that of the appropriate symbols; however, a complete notation has been adopted in International Tables for Crystallography (1983) (referred to hereafter as ITA83).
The term "symmetry element' is widely used only by crystallographers, mineralogists and spectroscopists. It is the collective designation for a number of concepts which -judging from their names -appear to be of a geometric nature: a rotation axis, a mirror plane etc. An essential feature of symmetry elements is the connection between such geometric items and one or more symmetry operations of a given space group or point group. This connection has consisted in the past of a traditional set of ad-hoc assignments of geometric items to symmetry operations. It has been the foremost goal of our Ad-hoc Committee to put that set on the footing of a precise and unified general definition.
In the successive editions of the International  Tables for Crystallography, only ITA83 and later edi- tions contain an explicit description of symmetry elements; see its Table 1 .3. The last column of that table is headed: 'Generating symmetry operation with glide or screw vector'. The term 'generating' is not explained; it is taken to mean that if a structure has a symmetry operation listed here, then the corresponding 'symmetry element' listed in the second column, with its symbol as in the first, is present. However, that interpretation leads to several problems:
(1) The table reflects the usual ad-hoc assignment; again there is no clue to a unified definition.
(2) The geometric item is obvious for a (glide-) reflection, a (screw-) rotation and an inversion. For a rotoinversion, however, the term 'rotoinversion axis' in column 2 is unclear. It suggests a mere line, but that is not sufficient to determine the operation.
(3) According to this table, a plane such as xyO in space group Cmma (67), for instance, is both an aand a b-glide plane. The current symbol 'a' is awkwardly biased. More serious is the resulting apparent ambiguity of the concept 'glide plane'.
(4) In Cmmm (65), two possible 'generating' symmetry operations share a plane. One is the reflection (x,y,-z), the other is an n-glide reflection (l+x, ½+y,-z Problem 1, in particular the uncertain meaning of 'a glide plane', formed a major difficulty for the Ad-hoc Committee when it attempted to design an improved nomenclature for symmetry elements. We therefore undertook the formation of an unambiguous definition of 'symmetry element'. Since this term is sometimes confused with 'group element', adoption of a new name without the word 'element' was contemplated. The original term was nevertheless finally retained since it is so firmly rooted in the crystallographic literature.
The Ad-hoc Committee, however, has introduced the auxiliary new concepts 'geometric element' and 'element set', in the expectation that they will allow use of the term 'symmetry element' in the sense precisely specified below, which does not seriously conflict with the previous use of the term. In § 5 we re-examine the above problems 2 to 5 in the light of the new definition.
Geometric elements
Each symmetry operation of a point group or space group belongs to one of the eight categories in Table  1 , column 1. In order to describe these operations, a geometric element (Table 1 , column 2) may be assigned to each but the first two. The geometric element is defined as a geometric item that allows the reduced* symmetry operation in space to be located and oriented. It does not contain numerical parameters such as a rotation angle or the components of the glide vector of glide reflections (last column). It may, however, be defined much less ambiguously so as to * The reduced operation is derived from a given operation by removing any intrinsic screw or glide translation. Hence, if the latter is zero, reduction does not change the operation. t That is, all rotations and screw rotations with the same axis b, the same angle and sense of rotation, and the same screw vector u (zero for a rotation) up to a lattice translation vector.
yield almost exactly the entries in the second column, cf. Appendix.
Symmetry elements
Two or more different symmetry operations of the same space group or crystal structure may have identical geometric elements, even when they belong to different categories as specified by Table 1 . An example is provided by the powers of a rotation (same category) or by a reflection and a glide reflection in the same plane (different categories). In a given space group, the complete set of symmetry operations which have the same point or line etc. as their common geometric element will be called the element set of that geometric element.
The combination of a geometric element and its element set is indicated by the term 'symmetry element' (Table 2) . This allows such statements as 'This point lies on a rotation axis', and also 'The operations belonging to a glide plane' to be made.
The first column of Table 2 lists the name of the symmetry element. Of the four different kinds of geometric elements (Table 1) , 'point' and "point plus line' each yield one type of symmetry element. Two types arise from both 'plane' and 'line', depending on the presence or absence of a pure reflection and a pure rotation in the element set (cf. § 5). The symbols in the second column all begin with E, thereby indicating symmetry elements as defined in this Report.
The fourth column, 'defining operation', states what to look for in order to identify a symmetry element, for instance in a structure model. The defining operation alone (for which the simplest is selected when there is a choice) suffices. However, for a rotoinversion axis E3 or E6, it will be easier to verify the presence of both its square and its cube, cf § 3. The last column explicitly describes the full element set.
Partial symmetry elements
Element sets of fourfold and sixfold rotation and screw rotation axes have subsets which fully satisfy the specifications in Table 2 , last column. However, they do not contain all symmetry operations with the given axis as geometric element. In order to distinguish such incomplete symmetry elements from the regular ones, it is recommended that they be referred to as 'partial symmetry elements'; they will be designated
The partial elements should not be confused with the regular symmetry elements defined by the powers ofa rotoinversion: the square and cube of 6 t (defining an E3 and an Era) and of ~t (defining an E3 and an El), and the square ~2 which defines an E2. The symmetry elements so defined are regular and by no means partial, provided that the corresponding element set is not a subset of any other element set (as happens for ~2 in the second example below).
Some examples
According to the above definition, each symmetry operation belongs to one and only one symmetry element (not counting partial elements). The latter is determined by the geometric element of the operation. For example, we can 'decompose' any site symmetry group into symmetry elements. This 'decomposition' is always exhaustive (the identity operation is not listed in these examples since it occurs in every point group). Strictly speaking, it is not a true decomposition, because the mirror plane for instance has in its element set not only the reflection but also the infinite number of coplanar equivalents which are of course not part of the site symmetry. 
Comparison with ITA83
The essential feature of the definition of symmetry elements in Table 1 .3 of ITA83 is that they are defined by a 'generating symmetry operation'. In mathematics, an operation 'generates' a certain group which is clearly not meant here. Hence, 'generating' is taken as having the sense of 'characteristic for'. Thus, Table 1 .3 leads to the ambiguous or uncertain problems 2 to 5 of the Introduction. By contrast, the concept 'symmetry element' in the present proposal depends primarily not on a single operation but on a geometric element (GE). Given that GE, it is the element set (consisting of the operations sharing that GE) that determines the nature of (and, eventually, the symbol for) the symmetry element. There is always just one such set, so that no ambiguity can exist and it is only the symbol which may be open to discussion.
Since the difficulties with the ITA83 description occur mainly with glide planes, these are now reexamined. In Fig. l(a) we may imagine that, for a given crystal structure, P ~ Q represents a symmetry reflection through the plane A.
It may be recalled that there also exists an infinite number of glide reflections (all of them symmetry operations) with respect to the same plane: P ~ R, S etc. (These are the coplanar equivalents of the operation P-~ Q mentioned in Table 2 .) All these operations have the plane A as their common GE; together with the reflection they form the element set. In the present definition, the symmetry element in this case is always a mirror plane. In particular, problem 4 of the Introduction falls in this category. The new definition does not allow the xyO plane in space group Cmmm to be called 'a mirror and also an n-glide plane'. The fact that one of the coplanar equivalents happens to have the shift (a + b)/2, which is a lattice translation, does not change the nature (mirror plane) of the symmetry element.
The other alternative occurs if a glide reflection P~R is given through plane A, and none of its coplanar equivalents [discussed in note (iv) to Table  1 .3 in ITA83] is a reflection (Fig. l b) . Then, plane A is always a glide plane. The present Report recognizes only geometrically distinct symmetry elements. Hence, in the case of problem 3 of the Introduction, an interpretation such as 'both an a-and a b-glide plane' should no longer be possible: here the plane xyO is just one single glide plane, whatever symbol is assigned to it. It is recommended that the symbols used express this primary differentiation between mirror and glide planes. This can be done simply by reserving 'm' exclusively for mirror planes, as was done by calling them Era. Any differentiation between various kinds of glide planes falls beyond the scope of the present Report.
The 'special' glide planes of problem 5 in the Introduction need no further discussion beyond the statement that they are true glide planes, without special distinction in the sense of this Report.
A very similar situation exists for twofold axes. If, for a given twofold axis, a 180 ° screw rotation P-~ R is a symmetry operation, then combination with all symmetry translations parallel to the axis generates the element set consisting of infinitely many operations. If, among these, there is a rotation of 180 ° such as P~ Q in Fig. l(a) (where A now represents the axis), then the symmetry element is a twofold rotation axis E2. If there is no such operation among them (Fig. lb) , then the symmetry element is a twofold screw axis E21. An axis cannot be both simultaneously, as a strict application of Table 1 .3 in ITA83 would require for twofold axes parallel to (110) in structures with cF lattices; such axes can only be rotation axes.
Problem 2 of the Introduction has been solved in this Report by taking the conventional 'line-pluspoint' GE for a rotoinversion. 
APPENDIX

General definition of geometric elements
A1. Introduction
The assignment in Table 1 of geometric elements to symmetry operations has been performed in such a way that symmetry elements are in accordance with crystallographic tradition. The difference from that tradition is, firstly, that the two-sided character of symmetry elements has been made explicit and unambiguous through the introduction of geometric elements and element sets. The second difference, in the present definition, is that the geometric item is defined primarily for each single operation whereas existing definitions of 'symmetry element' tend to be associated with a (cyclic?) group of operations. For instance: 'The geometrical locus about which a group of repeating operations act is called a symmetry element' (Buerger, 1963) ; or 'It is imperative to distinguish between symmetry operations (group elements) and symmetry elements (cyclic groups)' (Donnay & Donnay, 1972) .
The Ad-hoc Committee had previously discussed proposals to establish such a group assignment, but had found them awkward when applied to space groups in which non-cyclic site symmetries occur. Existing definitions, such as the two just cited, do not specify exactly which group belongs to a given geometric item. Therefore, it was decided to drop the group association and first define the 'geometric element' for each given operation.
The obvious aim of such a definition is to provide a 'space anchor' for the orientation and the location of the operation. With that aim in view, there is actually little choice. For point-group operations only the orientation is needed, whereupon the real eigenvector(s) of the operation yield the geometric elements of Table 1 almost uniquely (not quite uniquely: the eigenvector with negative eigenvalue of the reflection, for instance, can be omitted but that of a rotoinversion cannot). Extension to space-group elements, fixing their location as well, is also easy but not entirely automatic.
The question hence arises whether a general definition can be given for space groups as well. The purpose of this Appendix is to review some of the past attempts in that direction, and to present a new interpretation ( § A3). The latter produces Table 1 directly.
A2. Previous efforts
In the past, a symmetry element has sometimes been described as a line, plane or point which is invariant for (that is, not displaced by) a symmetry operation. Stated in that form, such a description is useless. For example, a reflection leaves not only the mirror plane in place, but also all planes perpendicular to it, which are clearly not wanted. Hence the line etc. must not only be invariant as a whole, but every point on it must remain in place. A definition of the geometric element for a given symmetry operation may thus be 'the subspace consisting of invariant points' ('SCIP'). An obvious difficulty then arises in dealing with operations such as screw rotations and glide reflections, for which no point whatever is invariant. The solution for this problem is to remove from the given operation its 'intrinsic translation', the latter being parallel to an invariant direction of the operation. The reduced operation thereby results, with a fully determined position for the reflection plane, or the axis of rotation, which now becomes the geometric element.
This term also applies to operations that have zero intrinsic translation: a (roto-) inversion or a pure reflection or rotation. For these, the given operation is identical to its reduced operation. The other extreme occurs when the given operation is a mere translation. In that case the reduced operation is just the identity. The geometric element of any given operation is hence defined as 'the subspace consisting of all invariant points for the reduced operation' ('SCI PRO').
The SCIPRO definition of geometric elements apparently yields the results given in Table 1 , but a severe discrepancy remains for the category of rotoinversions for which it yields just one point. In Table  1 , the traditional axis line has been added because otherwise the rotoinversion would not be oriented. In all other categories, the reduced operation is completely located as well as oriented by the geometric element as defined by SCIPRO. However, the fact that SCIPRO fails for rotoinversions shows that the 'invariant-points' reasoning, which led to the SCIPRO definition, is basically inadequate.
A3. A new interpretation
A new interpretation of the geometric element assigned to a given symmetry operation W by Table  1 follows: Consider the Euclidean normalizer* of W, that is, the group of all congruence operations which 'commute with W'; in other words, which transform W into itself. The ten different types of normalizer for all possible operations W are listed in Table 3 (two  types each for rotations and screw rotations as shcwn  in the footnote to Table 3 , and one type for each of the remaining six kinds of operation). All groups are noncrystallographic and continuous. In the case of a * The term 'Euclidean normalizer' is generally used in relation to subgroups of the group E of all congruences ('Euclidean mappings'), cf. International Tables for Crystallography (1987) . In the sense used here (relating not to a subgroup but to a single group element W), the normalizer is also called the centralizer of W, cf. Ledermann (1973) . Those congruences which Line b, point P, with respect to conserve line b and and plane line b and point P point P, as well as the perpendicular to sense of rotation b through P Inversion Those congruences which Point P conserve point P * If the rotation angle is not 180 °, then the sense of rotation must also be conserved. The normalizer then lacks mirror planes through b, for instance. However this does not change its invariant subspaces. reflection in a plane, for example, the normalizer contains all parallel translations, reflections in all perpendicular planes, etc. The short and rather obvious description in the second column of Table 3 is, however, sufficient to yield the invariant subspaces listed in the third column. This latter column is in accordance with the second column of The following remarks apply to Table 3 : (i) The occurrence of three items for the rotoinversion (instead of two in Table 1) is not a discrepancy: if the point is invariant, invariance of the line follows from that of the plane, and vice versa.
Hence, one of the latter two is redundant.
(ii) 'Subspace' should be taken in the proper sense, because in the improper sense ('all space') it is invariant for any congruence. It would have to be added to all geometric elements but would not increase their information content.
(iii) The invariance need only obtain for the subspace as a whole, not necessarily pointwise as required in the SCIPRO definition.
(iv) It should be noted that the congruence operations referred to above are operations in point space (see ITA83, § 8.1.5), not vector space. The given definition of geometric elements hence applies to symmetry operations in point space only, not to those in vector space.
